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ABSTRACT 
Dam construction by beavers creates wetlands which have 
the potential to improve water quality, especially in areas 
near urban centers. However, beaver dams may also cause 
flooding problems which can result in the removal of the 
beaver(s) and the destruction of their dam. A further 
understanding of how beaver-created wetlands affect water 
quality will provide additional data which can be utilized in 
beaver management decisions. 
In this study, 41 chemical parameters were examined from 
water taken above and below beaver-created wetlands that 
existed in DuPage County, Illinois between May and September 
1991. This study was designed to examine the effects that 
these urban populations of beaver have on the water quality 
of the associated streams and rivers. Results of this study 
suggest a significant reduction in dissolved sulphate, 
solids, calcium, magnesium, barium, boron, sodium, chloride, 
bromide, fluoride, strontium, and nitrate. Increases in 
arsenic and manganese in water flowing out of beaver-created 
wetlands were also observed. 
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BACKGROUND 
A. Beaver Natural History 
The North American beaver (Castor canadensis) has the 
ability to significantly alter stream ecosystems and adjacent 
uplands. This is accomplished by the impounding of water as 
a result of dam construction. The wetlands that result from 
beaver dams increase the available food supply by altering 
the original ecosystem to one that favors the growth of the 
softwoods which make up a substantial part of their diet. 
The impoundment also provides some degree of protection from 
predators. 
Beavers are herbivores whose diet varies seasonally. In 
spring their diet consists mainly of herbaceous plants; 
leaves, herbs, ferns; grasses, and algae. In autumn their 
diet is one that consists of the bark and wood of woody 
plants. They prefer species of aspen (Populus sp.) and 
willow (Salix sp.), but also eat a variety of other woody 
vegetation depending upon availability and geographic range 
(Macdonald, 1984). 
Beavers form monogamous pair-bonds and a male and female 
may remain together for their reproductive life. An 
established colony consists of an adult pair and the young 
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from one or two previous breeding seasons (Ludwig, 1989; 
Macdonald, 1984). Each season there may be up to eight kits 
born to each pair, with two to six kits being the average 
(Macdonald, 1984). When beaver kits disperse, they travel an 
average of 20 km but have been reported to travel up to 250 
km to establish a new colony. 
Dams are built across streams and rivers and are 
constructed from mud, stones, sticks and tree branches. 
They either build a lodge, constructed from items similar 
to those used for dams, or dig into the stream bank to form a 
bank burrow. Olfactory communication is accomplished through 
the use of mounds containing secretions from castor sacs and 
anal glands (Macdonald, 1984). This scent has a unique musty 
odor and can be found near land paths and beaver lodges. 
Other forms of communication include tail slapping and teeth 
grinding, both of which appear to be warning signs. 
Naiman et al. {1988) estimated that in precolonial North 
America, beaver populations were between at 60-400 million 
individuals and were found in nearly all aquatic habitats 
from the arctic tundra to the deserts of northern Mexico. As 
a result of habitat destruction and heavy trapping pressure 
from the 17th century to the mid-1900's beaver populations 
were dramatically reduced. Today, because of trapping 
restrictions, reduction in numbers of natural predators, 
subsidence in the rate of habitat destruction, and creation 
of refuges and nature preserves, the North American beaver 
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population is estimated to be between 6-12 million animals 
and growing rapidly (Naiman et al., 1988). 
Due to this increase in the beaver population, the 
number of beaver-created wetlands is also rapidly increasing. 
A better understanding of how beaver activities modify stream 
ecosystems will yield valuable information on wetland 
ecology, limnology, and allow the implementation of 
appropriate management techniques in beaver-inhabited areas. 
B. Wetland Filter Theory 
Wetlands are believed to act as natural filters, 
removing dissolved and solid pollutants from the water. 
several authors qualitatively suggest that wetlands may act 
as biological filters which improve water quality (e.g. 
Grumbles, 1991; Agovina, 1990; Nichols, 1988; Manson, 1986; 
Chaffe, 1986; Hair, 1986; Feeney and Morrell, 1985), however 
quantitative data is much less frequently found (but see 
below). 
i. Effects of Artificial Wetlands on Water Quality 
Many researchers have built "artificial" wetlands to 
evaluate their effects on water quality. Most of the 
published literature on this subject addresses the effects of 
these artificial wetlands on the quality of effluent from 
wastewater treatment plants. For example, Gersberg et al. 
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(1984) evaluated the effectiveness of artificial wetlands on 
the removal of various forms of nitrogen from wastewater. 
They found that artificial wetlands removed 97% of total 
inorganic nitrogen and 94% of total nitrogen that was present 
in the inf low to the wetland system. 
In addition, Gersberg, et al. (1986) found that 
artificial wetlands removed significant quantities of 
nitrogen, total suspended solids {TSS) and reduced 
biochemical oxygen demand {BOD). They also examined some 
possible mechanisms of removal. Several artificial wetlands 
were designed both with and without aquatic macrophytes. 
They found that removal rates of nitrogen, BOD, and TSS were 
higher in the vegetated wetlands than in unvegetated systems. 
Thus, aquatic vegetation appears to play a significant role 
in improving water quality. 
Breen (1990) also examined the potential of artificial 
wetlands for wastewater treatment. Removal percentages of 
95% for total nitrogen and 99% for total phosphorus were 
found for his artificial wetland system. The influent to the 
wetland was secondarily-treated wastewater from an overloaded 
treatment pond at a chicken rendering plant. Influent 
concentrations of total nitrogen and total phosphorus were 
very high in comparison to levels found in natural waters. 
Total nitrogen inflow concentrations averaged greater than 
200 mg L-1 {approximately 70-100 times the concentration 
found in natural waters) and total phosphorus averaged 
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greater than 10 mg L-1 (approximately seven times the 
concentration found in natural waters) during the course of 
the study. 
Bowmer (1987) also examined nutrient removal 
capabilities of artificial wetlands. He found removal 
percentages of 38% for Kjeldahl-N, and 52% for ammonium-N in 
artificial wetlands that contained aquatic macrophytes. 
Lower concentrations of phosphate and sulphate were also 
found in the outflow of the wetland system that contained 
aquatic macrophytes. 
ii. Effects of Natural Wetlands on Water Quality 
Additional research has addressed the effects that 
natural wetlands (non-man-made wetlands) have on water 
quality of wastewater treatment plant effluent. Brodrick et 
al. (1988), studied soil denitrification in a natural 
wetland receiving secondary-treated wastewater effluent. 
They found that the highest rate of denitrification in both 
upstream and downstream soils occurred in the top segment (0-
6 cm) of the soil profile. Differences in the rate of 
upstream and downstream denitrification were found but were 
more likely due to the fact that the upstream wetland soil 
was sampled in summer and the downstream wetland soil was 
sampled in winter. Reduced denitrification in the downstream 
soil was more likely to be restricted by cold water 
temperatures. 
Knight et al. (1987) also examined the performance of a 
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natural wetland treatment system for wastewater management. 
A natural wetland system adjacent to a wastewater treatment 
plant was examined to determine its effectiveness in removing 
TSS, total nitrogen, total phosphorus, and reducing BOD. 
Significant reduction of biochemical oxygen demand, and 
removal of total suspended solids and total nitrogen was 
found. However a net increase in total phosphorus was found 
in the wetland outflow. The role of water temperature was 
also examined, however, no significant differences in removal 
rates over a water temperature range of 10 - 2s0 c were 
observed. The authors concluded that removal efficiency 
depended on input concentrations for biochemical oxygen 
demand, total suspended solids, total nitrogen, and total 
phosphorus. Lower removal efficiencies resulted from lower 
input concentrations over the range of values that were 
observed. 
Quantitative studies examining the effects that natural 
wetlands may have on water quality of streams and rivers 
appear much less frequently than do wetland/wastewater 
studies. Nevertheless, the literature that does exist offers 
valuable insight into natural wetland ecology. Johnston 
(1990) studied 15 Minnesota wetlands and their associated 
watersheds and found that wetlands do significantly alter 
water quality. She reported lower annual concentrations of 
inorganic suspended solids, fecal coliform bacteria, nitrates 
and phosphorus from water where a wetland was close to the 
-6-
stream mouth when compared to wetland-free watersheds. She 
also reported that wetland size had little or no effect on 
differences observed in stream water chemistry. 
Richardson (1985) examined uptake and retention of 
phosphorus in freshwater wetlands. He concluded that 
uptake of phosphorus by vegetation significantly reduces the 
amount of free phosphorus in the water, but only serves as a 
short-term sink. Once the vegetation dies, 35 to 75 percent 
of phosphorus stored in the plant is released back into the 
water. Wetlands with predominantly mineral soils and high 
amorphous aluminum content exhibited better phosphorus 
retention over time. However, he concluded that wetlands in 
general are much poorer sinks for phosphorus than terrestrial 
ecosystems. His data indicated that initial high removal 
rates for phosphorus by vegetated wetlands will be followed 
by large exports of phosphorus within a few years. 
DeLaune et al. (1986) studied retention of nitrogen in 
freshwater marshes by artificially loading the influent with 
inorganic nitrogen. Plant biomass significantly increased as 
a result of the supplemented nitrogen and led to the 
conclusion that nitrogen was a limiting nutrient in the marsh 
that they studied. Eighty percent of the nitrogen was 
recovered in the soil-plant system at the end of the growing 
season indicating that little loss of internal nitrogen was 
occurring. These data supported the authors' hypothesis 
that nitrogen cycling was very efficient in their marsh 
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ecosystem. 
Almost no literature exists concerning the effects that 
beaver-created wetlands may have on water quality. Only one 
reference was found, and it does not include any quantitative 
data. Parker et al. (1985), as part of a study examining the 
effect that beaver activity had on the erosional downcutting 
in lower order riparian ecosystems, tested water quality 
parameters above and below wetlands created by beaver. They 
found that the water below the wetland had significantly 
reduced concentrations of total Kjeldahl nitrogen, suspended 
solids, and total phosphorus. However, one mile downstream 
from the beaver wetland complex no significant differences 
were found in the same parameters when they were compared to 
the water taken above the beaver-created wetland. It was 
concluded that the observed wetlands had little effect on 
nutrient export into a lake or reservoir if the lake or 
reservoir was more than one mile downstream from the wetland. 
IN'l'RODUCTIOK TO 1991 BEAVER WETLAND STUDY 
Dam construction by beavers creates wetlands that have 
the potential to improve water quality (Parker et al., 1985), 
especially in areas near urban centers. However, beaver dams 
may cause flooding problems which often necessitate the 
removal of the beaver(s) and the destruction of their dams. 
A further understanding of how beaver-wetlands affect water 
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quality will provide additional data that can be utilized in 
beaver management decisions. 
In this study, 41 chemical parameters were examined from 
water taken above and below beaver-created wetlands that 
existed in DuPage County, Illinois between May and September 
of 1991. This study was designed to examine the effects that 
these urban populations of beaver have on water quality of 
the associated streams and rivers. 
S'l'UDY ARBA 
This project was conducted on lands owned by the Forest 
Preserve District of DuPage County. This preserve system 
encompasses more that 7,800 hectares in more than fifty 
preserves. Numerous marshes, rivers, and streams within the 
preserve system currently support or have the potential to 
support beaver populations. In 1989, a DuPage County forest 
preserve memorandum reported that 17 to 21 beaver colonies 
existed on 16 preserves, with an estimate of 131 to 170 
animals (Ludwig, 1989). 
DuPage County is located in the northeast corner of 
Illinois and is 546 km2 in area (See Appendix A). The 
eastern border of the county is located approximately 24 km 
west of downtown Chicago. The county is rapidly urbanizing 
and had a population of nearly 0.75 million people in 1986 
(Ludwig et al., 1990). 
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Many of the wetlands, prairie, and oak savannas of pre-
settlement DuPage county have been drained, converted to 
agricultural crops, cut for lumber, or subdivided for 
commercial and residential development. All natural habitat 
types of DuPage County have been reduced in size, fragmented, 
and isolated from one another. 
KB'l'BODS 
A. .sit§. Selection 
Site selection of beaver wetlands used in this study was 
based upon the following criteria. The site had to: 
1. have an active beaver colony that was maintaining a 
beaver dam, 
2. be located on land owned or managed by the Forest 
Preserve District of DuPage County, 
3. be associated with a lotic aquatic ecosystem with 
clearly delineated single points of inf low and 
outflow, and 
4. have no close association with other wetlands not 
involved in the study. 
A total of seven beaver-created (and maintained) wetlands 
were chosen and included in this study (Table 1; Appendix A). 
B. Water Sample Collection 
Surface water samples were collected in 500 ml high-
densi ty, polyethylene, wide-mouthed bottles that had 
previously been washed with 1 N HCL to remove possible 
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Table 1. Beaver-created wetlands in the forest preserves of 
DuPage County, IL, utilized for this study. (See Appendix A 
for maps of these areas.) 
WETLAND 
ID LOCATION 
1 Waterfall Glen-Northwest 
section 
2 Lemont Woods-Above 109th 
Street & West of Orchard 
Road 
3/4 Hidden Lake-Lacey Creek 
s Timber Ridge-Geneva & 
County Farm Rd. 
6 
7 
Timber Ridge-by first 
bridge on Prairie Path 
West of County Farm Rd. 
Timber Ridge-South of C&NW 
Railroad, North of Prairie 
Path and East of the West 
Branch of the DuPage River 
GENERAL DESCRIPTION 
Surrounding land use by Argon National 
Lab (2S\) and forest preserve (7S\). 
Extensive flooding of stream channel and 
surrounding lowland as a result of one 
functional beaver dam. Dam destroyed 
after first sample period. 
Surrounding land use by 
agriculture (20\), urban/suburban 
area (30\), and by forest preserve (SO\). 
Flooded stream channel and field as a 
result of one functional beaver dam. 
Surrounding land use by Morton Arboretum 
(SO\) and forest preserve (SO\). Flooded 
stream channel as a result of two 
functional beaver dams. 
Surrounding land use by housing 
development (20\), pedestrian foot path 
(SO\) and agriculture (30\). Flooded 
stream channel as a result of one 
functional beaver dam. 
Surrounding land use by forest 
preserve (80\) and pedestrian foot path 
(20\). Flooded river channel and field 
as a result of one functional beaver dam. 
Surrounding land use by agriculture 
(20\), by railroad (10\) and by 
forest preserve (70\). Flooded 
stream channel and lowlands as a result 
of one functional beaver dam. 
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contamination. One sample was taken upstream and one 
downstream from each beaver wetland. "Upstream" was defined 
as an area approximately 25 m above the impact area of the 
wetland, where visible, significant surface water movement 
was still occurring. "Downstream" was defined as an area at 
least 5 m but less that 20 m below the beaver dam. All 
samples were taken from the middle-third of the stream or 
river. 
c. Analysis of Chemical Parameters 
i. Methods Specific for the First Two. Sampling Oates 
(27 JUNE 91, 10 JULY 91) 
The concentration of dissolved calcium (ca++) was 
determined using the EPA approved EDTA titrimetric method 
with Eriochrome Black T as the indicator (APHA 1985). 
Concentrations of dissolved chloride (Cl-) were determined 
using reagents obtained from Hach Company (Loveland, CO) 
utilizing the EPA approved silver nitrate buret titration 
method (Hach Company, 1989) using 0.0141 N AgN03 • 
Dissolved nitrate (No3-) concentrations were determined 
using a hybrid method that utilized Hach's NitraVer 5 nitrate 
reagent powder pillow (cat. no. 14034-66). This reagent 
contains the necessary chemicals to apply the cadmium 
reduction method for photometric determination of nitrate. 
The NitraVer 5 was added to 25 ml of the water sample in test 
tubes that had a path length of 2.5 cm after which samples 
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were analyzed spectrophotometrically (Spec 21) to determine 
optical density at a wavelength of 400 nm. Samples of known 
nitrate concentration were utilized to construct a 
concentration versus transmittence curve. Applying this 
curve, the concentrations of the samples could be determined. 
Dissolved sulfate (so42-) concentrations were determined 
with a hybrid method using Hach's SulfaVer 4 powder pillow 
(cat. no. 12065-66), and test tubes with a 2.5 cm path 
length. Optical density at 450 nm was determined using a 
spectrophotometer (Spec 21) and a standard curve was 
constructed utilizing a stock sulfate solution (APHA, 1985). 
ii. Methods Used for the Entire Duration of the Study 
Total phosphorus (tP) concentrations were determined 
using Standard Methods' Ascorbic Acid Method and persulfate 
digestion. The pH was determined using a field pH meter and 
dissolved oxygen (d02) was determined using a do2 meter and a 
Yellow Springs Instrument Company probe. Total solids (TS) 
were determined by using a 50 ml porcelain drying dish to 
which 40 ml of the water sample was added. The sample was 
dried in a 9s0 c oven overnight, dried at 110°c for fifteen 
minutes, and then cooled in a desiccator for one hour. Using 
a Mettler balance the samples were weighed (TS) to the 
nearest 0.0001 g. Total non-volatile solids (TNVS) were 
determined by ashing the TS sample in a 510°c muffle furnace 
for 15 minutes and then weighing it after it had cooled. 
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Total volatile solids (TVS) were determined by taking the 
mathematical difference between TS and TNVS. 
Concentrations of dissolved arsenic (As) and dissolved 
cadmium (Cd) were determined using inductively coupled 
plasma/mass spectrometry (ICP/MS; method 6010-EPA-5w846). 
Other dissolved metal concentrations were determined by 
inductively coupled plasma-optical emission spectroscopy 
(ICP-OES; method 6020-EPA-5w846). Beginning with the sample 
collected 16 July 1991, dissolved sulfate, dissolved 
chloride, dissolved nitrate, dissolved fluoride and dissolved 
bromide concentrations were determined using ion 
chromatography (IC; method 300-Mcaww-EPA). 
The EPA approved ICP/MS, ICP-OES, and IC methods were 
performed by Dave Roberts of the Enseco Rocky Mountain 
Analytical Laboratory in Arvada, co. Samples were sent by 
overnight express mail in a o0 c cooler and preserved with 
nitric acid upon receipt by the lab. Table 2 summarizes 
parameters examined, the method utilized for analysis, and 
the detection limit for each parameter. 
RBSULTS 
A. Water Quality 
All wetlands were sampled for the first two dates, after 
which the dam associated with wetland 1 was destroyed and 
therefore could not be utilized further in this study. 
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Table 2. Water quality parameters examined from water samples 
collected at beaver-created wetlands in DuPage County, Il. 
Symbol 
Al 
Ag 
As 
Ba 
Be 
B 
Br-
Cd 
Ca 
Cl-
er 
Co 
Cu 
Fe 
F-
Pb 
Li 
Mg 
Mn 
Mo 
Ni 
NO -d~ 
tP 
K 
Sb 
Se 
Si02 
Sr 
Sn 
Na 
so 2-
Tl 4 
Ti 
v 
Zn 
TS 
TVS 
TNVS 
pH 
d02 
Parameter* 
Detection 
Limit (ppm) Detection Method 
Aluminum 
Silver 
Arsenic 
Barium 
Beryllium 
Boron 
Bromide 
Cadmium 
Calcium 
Chloride 
Chromium 
Cobalt 
Copper 
Iron 
Fluoride 
Lead 
Lithium 
Magnesium 
Manganese 
Molrbdenum 
Nickel 
Nitrate 
Dissolved Phosphorus 
Total PhOSJi>horus 
Potassium 
Antimony 
Selenium 
Silica Oxide 
Strontium 
Tin 
Sodium 
Sulfate 
Thallium 
Titanium 
Vanadium 
Zinc 
Total Solids 
Total Volatile Solids 
Total Non-Volatile Solids 
pH 
Dissolved Oxygen 
0.009 
0.002 
0.001 
0.003 
0.002 
0.005 
0.2 
0.001 
0.1/0.01 
5/3 
0.006 
0.004 
0.004 
0.007 
0.1 
0.01 
0.002 
0.008 
0.003 
0.005 
0.004 
0.1 
0.09 
0.1 
0.2 
0.02 
0.05 
0.2 
0.02 
0.03 
0.1 
5 
0.5 
0.003 
0.004 
0.002 
25 
25 
25 
0.1 
0.1 
ICP-OES 
ICP-OES 
ICP-MS 
ICP-OES 
ICP-OES 
ICP-OES 
IC 
ICP-MS 
Titrimetric/ICP-OES 
AgN03 Titrimetric/IC 
ICP-OES 
ICP-OES 
ICP-OES 
ICP-OES 
IC 
ICP-OES 
ICP-OES 
ICP-OES 
ICP-OES 
ICP-OES 
ICP-OES 
NitraVer 5/IC 
ICP-OES 
Ascorbic Acid 
ICP-OES 
ICP-OES 
ICP-OES 
ICP-OES 
ICP-OES 
ICP-OES 
ICP-OES 
IC 
ICP-OES 
ICP-OES 
ICP-OES 
ICP-OES 
STANDARD METHODS 
STANDARD METHODS 
MATHEMATICAL CALC. 
FIELD pH METER 
YSI METER AND PROBE 
"*" = All chemicals were measured as dissolved concentrations 
unless otherwise noted. 
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Wetlands 3 and 4 dried up as a result of an unseasonable 
drought and were unable to be sampled for the duration of the 
study. Wetland 7 dried up and could not be sampled for the 
third, fourth, fifth and sixth sampling dates. It was 
rehydrated late in the sampling schedule and sampled the 
seventh and eighth sampling dates (see Table 3). 
Additionally, the IC, ICP-OES and ICP-MS methods were not 
available for the first two sampling dates. Therefore data 
associated with these methods could not be gathered for these 
two dates (for chemical concentrations associated with these 
methods, see Table 2). 
The following chemical parameters were infrequently 
detected and the associated concentrations were excluded from 
statistical analyses: silver (Ag), beryllium (Be), chromium 
(Cr), cobalt (Co), lead (Pb), antimony (Sb), selenium (Se), 
tin (Sn), thallium (Tl), titanium (Ti), vanadium (V), and 
lithium (Li). The entire data set from the water quality 
sampling is found in appendix B. 
B. Analysis !QI: Statistical Differences 
Because some of the wetlands were not sampled at certain 
dates and some methods were not available for the first two 
sampling dates, an unbalanced data set resulted. Therefore 
the entire data set was subdivided into two subsets that were 
balanced. 
The first data subset (Data Subset 1) consisted of 
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data from wetlands 1 - 7 for the first two sampling dates 
(i.e., concentrations for ca, c1-, No3-, so42-, pH, do2 , and 
TS). The second data subset (Data Subset 2) consisted of 
data from wetlands 2, 5, and 6 for sampling dates 3 - 8 
(i.e., concentrations for all parameters examined). The 
above analyses were done using SPSS release 4.1 for IBM 
VM/CMS. 
Table 3. Water quality sampling schedule for 1991 beaver 
wetland study (see Table 1 for a description of the wetlands 
and Appendix A for site maps). 
Date Wetland ID 1 2 3 4 5 6 7 
1 - 27 Jun 91 x x x x x x x 
2 - 10 Jul 91 x x x x x x x 
3 - 16 Jul 91 x x x 
4 - 24 Jul 91 x x x 
5 - 1 Aug 91 x x x 
6 - 12 Aug 91 x x x 
7 - 15 Aug 91 x x x x 
8 - 16 Aug 91 x x x x 
"X" = SAMPLED; "-" = NOT SAMPLED, DRIED UP 
i. Analysis of Data Subset 1 
Combined Chemical Parameters 
A MANOVA that examined the seven chemical parameters (Ca, 
c1-, No3-, so42-, pH, d02, and TS) of data subset one and 
simultaneously tested for effects by location (upstream and 
downstream), and by sampling date produced the following 
results: 
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Location 
The MANOVA involving location as a within-subject 
effect resulted in an F-statistic with a significance of 
p = 0.11. This indicates that, overall, the combined 
parameters showed no significant differences in 
concentrations between upstream and downstream locations 
(alpha value= 0.10). 
Date 
The MANOVA involving date as a within-subject 
effect produced an F-statistic with a significance of p 
= 0.13. This indicates that there was no significant 
difference in chemical parameters between the dates 
examined for Data Subset 1. 
Location * Date Interaction 
The MANOVA involving location and date as within-
subject effects yielded an F-statistic with a 
significance of p = 0.97. This indicates that there was 
no significant location * date interaction. 
Location * Chemical Parameter Interaction 
The MANOVA involving location and chemical 
parameter as within-subject effects resulted in a F-
statistic with a significance of p = 0.015. This 
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indicates that the differences in magnitude of the 
parameters examined were significant. 
Chemical Parameters Examined Separately 
Four ANOVAs were run on Data Subset 1 that examined each 
chemical separately to see if significant interactions 
between date and location existed. The results of these 
tests are shown in Table 4. 
Location effects were significant for so42- and 
indicated that concentrations of so42- differed in upstream 
and downstream samples (p=0.10). Average so42- concentration 
upstream was 82 ppm, whereas the average downstream 
concentration was 65 ppm. This suggests an average removal 
of sulfate at a rate of 20% by beaver-created wetlands. 
When sampling date was treated as a within-subject 
effect, Ca, c1-, so42-, and pH produced significant F-
statistics. This implies significant differences in the 
concentrations of these parameters between sampling dates. 
All other parameters and tests indicated no statistically 
significant differences (p > 0.10; see Table 4). 
ii. Analysis of Data Subset 2 
Data Subset 2 consisted of wetlands 2, 5, and 6 for 
sampling dates 3 - 8 including concentrations for all 
parameters examined. Due to tne low degrees of freedom 
associated with having only three wetlands, Data Subset 2 
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was not analyzed in a similar manner as Data Subset 1 (i.e. 
using MANOVA techniques). Therefore, the data were analyzed 
as indicated in the next sections. 
Table 4. Results of ANOVA run on Data Subset 1 when chemicals 
were analyzed separately. 
Within-Subject Calculated 
Chemical Sources of Variation F-Statistic Significance of 
Calcium Location 1.77 0.23 
Date 3.70 0.10 * 
Location * Date 0.08 0.79 
Chloride Location o.oo 0.95 
Date 6.75 0.04 
* Location * Date 0.27 0.62 
Nitrate Location 1.29 0.30 
Date 0.09 0.78 
Location * Date 1.31 0.30 
Sulphate Location 3.74 0.10 
* Date 6.53 0.04 
* Location * Date 0.21 0.66 
pH Location 0.01 0.92 
Date 5.85 o.os 
* Location * Date 0.76 0.42 
Dissolve Location 2.78 0.15 
Oxygen Date 3.54 0.11 
Location * Date 1.34 0.29 
Total Solids Location 3.33 0.12 
Date 0.35 0.58 
Location * Date 0.09 0.77 
"*" = 
Significant difference (p < 0.10) 
iii. Analysis of Variable Means For Entire Sample 
An ANOVA anaiyzed the entire summer sample (including 
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F 
all water quality parameters). The data emulates one wetland 
in which upstream and downstream samples were collected 
repeatedly. This method of sampling disregards variation 
between different wetlands and sampling dates. The results 
of thes~ analyses are expressed in Table 5. 
These analyses indicated five parameters that showed 
significant differences between upstream and downstream 
concentrations. Three parameters showed lower average 
concentrations downstream (so42-, TS, and Ca) and two had 
average concentrations higher downstream (Mn and As). 
Figures 1-5 present these data. 
A Chi-square analysis was run on the average upstream and 
downstream concentrations for all parameters listed in Table 
5 expecting 13.5 chemical concentrations to be higher 
upstream and 13.5 concentrations to be higher downstream 
(df = 1). The result of this analysis produced a significant 
Chi-square statistic (p < 0.05). This suggests that overall, 
a significant number of downstream chemical concentrations 
are lower than upstream concentrations indicating the removal 
of chemicals by the beaver-created wetlands. 
iv. Paired T-test analyses on Wetlands 2, 5, and 6 
In addition to the above analyses, wetlands two, five, 
and six were individually analyzed using paired T-tests to 
see if significant differences existed in upstream and 
downstream concentrations of water quality parameters. The 
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paired T-tests were done using statistix version 3.1 
(Analytical Software, 1989) on an IBM XT clone. Several 
parameters showed significant differences between upstream 
and downstream concentrations. Tables 6, 7, and 8 summarize 
the findings of these analyses. 
The results of the paired-T analyses suggest that the 
following parameters were found in significantly lower 
concentrations downstream from these beaver-created wetlands: 
In all three wetlands Magnesium (Mg) concentrations were 
significantly different, with removal rates ranging from 5% -
21%. Also, all three wetlands showed differences in calcium 
(Ca) with removal rates ranging from 7% - 27%. In two of the 
wetlands: boron (B, removal rates of 10% and 11%); barium 
(Ba, removal rates of 15% and 36%); sodium (Na, removal rates 
of 18% and 30%); Strontium (Sr, removal rates of 18% and 22%) 
all showed significantly lower downstream concentrations. 
Single wetlands showed lower downstream concentrations of: 
chloride (Cl-, removal rate of 34%); fluoride (F-, removal 
rate of 21%); nitrate (No3-, removal rate of 61%; sulphate 
cso42-, removal rate of 59%); and solids (TNVS removal rate 
of 34%, TS removal rate of 31%, and TVS removal rate of 20%). 
Arsenic (As) concentrations in two wetlands analyzed 
were significantly higher downstream with differences of 182% 
and 138%, and manganese (Mn) concentration was 115 times 
higher in one wetland. In addition, bromide concentration 
was significantly higher downstream in wetland 2 (133% of 
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influent concentration) yet significantly lower downstream in 
wetland 5 (removal rate of 34%) 
Table 5. Results from ANOVA run on entire data set (upstream 
and downstream concentrations of water quality parameters 
taken from beaver wetlands in DuPage County, Il.; all 
concentrations in ppm; for key to parameters, see Table 2). 
Mean Upstream Mean Downstream Percent Sig. of 
Parameter Concentration Concentration Difference* F-Stat 
Mn 
As 
so 2-
TS4 
Ca 
Fe 
Al 
c1-
Na 
Mg 
Mo 
Zn 
tP 
F-
Sr 
B 
Ba 
NO -
K3 
Cu 
Br-
Ni 
d02 
dP 
pH 
Cd 
Sio2 
0.0205 
0.022 
114.7 
1590 
114.421 
0.0292 
0.0267 
258 
259.8 
55.0805 
0.0125 
0.0121 
0.5194 
1.3429 
0.5205 
0.3240 
0.1940 
1.0343 
6.7571 
0.009 
0.2571 
0.0041 
5.2 
0.6743 
7.4 
0.018 
4.9429 
0.3281 
0.050 
85.5 
1254 
98.564 
0.0920 
0.0519 
317 
197.4 
47.8843 
0.0105 
0.0092 
0.6694 
1.1095 
0.4248 
0.2902 
0.1629 
1. 2014 
6.2095 
0.008 
0.2381 
0.0039 
5.1 
0.6114 
7.4 
0.016 
4.9571 
+1500 
+ 127 
25 
21 
14 
+ 215 
+ 94 
+ 23 
24 
13 
16 
24 
+ 29 
17 
18 
+ 10 
16 
+ 16 
8 
11 
7 
5 
2 
2 
0 
11 
+ 0 
0.02 ** 
0.02 ** 
0.04 ** 
0.05 ** 
0.09 ** 
0.16 
0.22 
0.24 
0.27 
0.32 
0.40 
0.40 
0.41 
0.41 
0.53 
0.58 
0.59 
0.65 
0.67 
0.67 
0.73 
0.73 
0.73 
0.76 
0.83 
0.84 
0.99 
"*" = a positive number indicates a high concentration 
downstream and a negative number indicates a lower 
concentration downstream 
"**" = Significant difference (p < 0.10) 
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Figure 1. Mean upstream and downstream total solids 
concentrations (ppm) from beaver wetlands in DuPage Co., Il, 
plotted against sample date. Sample dates are given in Table 
3. 
Figure 2. Mean upstream and downstream calcium 
concentrations from beaver wetlands in DuPage Co., Il., 
plotted against sample date. Sample dates are given in Table 
3. 
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Figure 3. Mean upstream and downstream sulfate 
concentrations (ppm) from beaver wetlands in DuPage Co., Il., 
plotted against sample date. Sample dates are given in Table 
3. 
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Figure 4. Mean upstream and downstream arsenic 
concentrations from beaver wetlands in DuPage Co., Il., 
plotted against sample date. Sample dates are given in Table 
3 . 
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Figure 5. Mean upstream and downstream manganese 
concentrations from beaver wetlands in DuPage Co., Il., 
plotted against sample date. Sample dates are given in Table 
3 • 
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Table 6. Results of Paired-T test analyses of concentrations of 
water quality parameters from beaver-created wetland 2 found in 
DuPage County, Illinois (all concentrations in ppm). 
Mean Upstream 
Parameter Concentration 
so 2 -As 4 
Sr 
Br-
ea 
Mn 
Mg 
Na 
B 
TNVS 
Fe p-
Cd 
c1-
TS 
tP 
Mo 
D02 
pH 
Si02 
Ni 
Ba 
Zn 
NO -
K 3 
dP 
TVS 
Al 
Cu 
118.0 
0.002 
0.1700 
0.1 
116.5 
0.0083 
60 
120.5 
0.148 
861 
0.0196 
0.817 
0.00215 
257.9 
1208 
0.1640 
0.0158 
6.2 
7.5 
7.4070 
0.0047 
0.0826 
0.0046 
0.6000 
3.0200 
0.1700 
338 
0.0194 
0.00643 
Mean Downstream Percent 
Concentration Difference* 
48.1 
0.004 
0.1333 
0.233 
98.23 
0.958 
47.44 
98.6 
0.131 
612 
0.0489 
0.55 
0.00092 
227.3 
1079 
0.3070 
0.0103 
5.1 
7.4 
9.2670 
0.0042 
0.0755 
0.0076 
0.8300 
3.3000 
0.1600 
323 
0.0232 
0.00612 
59 
+ 138 
22 
+ 133 
16 
+11442 
21 
18 
11 
29 
+ 149 
33 
57 
12 
11 
+ 87 
34 
18 
1 
+ 25 
10 
9 
+ 65 
+ 38 
9 
6 
4 
+ 20 
5 
Sig. of 
T-Stat 
0.0007** 
0.003** 
0.02** 
0.025** 
0.03** 
0.04** 
0.06** 
0.06** 
0.1** 
0.12 
0.14 
0.17 
0.18 
0.18 
0.19 
0.2 
0.22 
0.24 
0.36 
0.37 
0.42 
0.46 
0.49 
0.5 
0.53 
0.62 
0.63 
0.81 
0.82 
"*" = a positive number indicates a high concentration 
downstream and a negative number indicates a lower 
concentration downstream. 
"**" = Significant difference (p < 0.10) 
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Table 7. Results of Paired-T test analyses of concentrations 
of water quality parameters from beaver-created wetland 5 
found in DuPage County, Illinois (all concentrations in ppm). 
Mean Upstream Mean Downstream Percent 
Parameter Concentration Concentration Difference• 
TVS 
Ca 
TS 
TNVS 
Na 
F-
Sr 
Mg 
Ba 
As 
c1-
Br-
NO -
so32-
pH4 
Si02 
Mn 
Al 
K 
Fe 
Zn 
B 
tP 
Ni 
Cd 
D02 
Cu 
dP 
Mo 
585 
182.200 
2873 
2285 
561.6 
2.5670 
0.3800 
83.5300 
0.0963 
0.004 
1003 
0.4833 
1.2060 
177.8 
7.3 
13.8000 
0.0443 
0.0193 
5.5500 
0.0258 
0.0158 
0.3580 
0.3714 
0.0032 
0.0022 
5.4 
0.011 
0.4358 
0.0059 
466 
132.400 
1985 
1519 
395.3 
2.0170 
0.3117 
71. 7000 
0.0615 
0.011 
661 
0.2667 
0.4750 
144.3 
7.6 
11.6000 
0.1704 
0.0788 
4.9330 
0.1991 
0.0053 
0. 3121 
0.5571 
0.0039 
0.0018 
5.7 
0.010 
0.3992 
0.0058 
20 
27 
31 
34 
30 
21 
18 
14 
36 
+ 182 
34 
45 
61 
19 
+ 4 
16 
+ 284 
+ 308 
11 
+ 671 
67 
13 
+ 50 
+ 22 
17 
+ 6 
7 
8 
2 
Sig. of 
T-Stat 
0.0000** 
0.0002** 
0.0003** 
0.0007** 
0.002** 
0.006** 
0.007** 
0.02** 
0.03** 
0.03** 
0.04** 
0.06** 
0.07** 
0.12 
0.13 
0.14 
0.18 
0.2 
0.21 
0.26 
0.26 
0.29 
0.31 
0.49 
0.59 
0.6 
0.69 
0.82 
0.91 
"*" = a positive number indicates a high concentration 
downstream and a negative number indicates a lower 
concentration downstream. 
"**" = significant difference (p < 0.10) 
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Table 8. Results of Paired-T test analyses of concentrations 
of water quality parameters from beaver-created wetland 6 
found in DuPage County, Illinois (all concentrations in ppm). 
Mean Upstream Mean Downstream Percent Sig. of 
Parameter Concentration Concentration Difference* T-Stat 
Ba 
B 
Mg 
Ca 
c1-
dP 
Na 
F-
Br-
TVS 
Ni 
Sr 
As 
DO 
No2-
pH3 
Cd 
K 
Cu 
Zn 
Fe 
Al 
Si02 
tP 
TS 
Mo 
so 2-T~S 
Mn 
0.4730 
0.5642 
35.2200 
87.080 
268 
1. 6970 
201.6 
1.1330 
0.2667 
212 
0.0048 
1.1900 
0.002 
4.5 
4.5500 
7.4 
0.0016 
12.2500 
0.011 
0.0197 
0.0497 
0.0531 
10.9700 
1.4290 
1114 
0.0133 
101.4 
894 
0.0173 
0.4030 
0.5073 
33.5700 
80.820 
252 
1.4920 
171.1 
1.1000 
0.3000 
275 
0.0036 
0.9167 
0.002 
4.9 
5.8750 
7.3 
0.0026 
10.5700 
0.009 
0.0167 
0.0608 
0.0661 
9.8670 
1.3430 
1148 
0.0129 
99.5 
874 
0.0165 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
15 
10 
5 
7 
6 
12 
15 
3 
12 
29 
24 
23 
1 
10 
29 
1 
60 
14 
17 
15 
22 
24 
10 
6 
3 
4 
2 
2 
5 
"*" = a positive number indicates a high concentration 
downstream and a negative number indicates a lower 
concentration downstream. 
"**" = Significant difference (p < 0.10) 
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0.04** 
0.01** 
0.07** 
0.08** 
0.13 
0.13 
0.14 
0.17 
0.17 
0.21 
0.29 
0.31 
0.36 
0.38 
0.4 
0.46 
0.52 
0.55 
0.59 
0.6 
0.62 
0.63 
0.63 
0.64 
0.65 
0.7 
0.73 
0.83 
0.88 
DISCUSSIOB 
The analyses of Data Subset 1 exposed significant 
differences when location * parameter was tested. This 
result expresses the difference in magnitude of 
concentrations of the parameters examined and is neither 
interesting or significant in the scope of this study. These 
same analyses suggested significant differences in the five 
parameters from one sampling date to another. This is not a 
surprising result as water quality is partially dependent on 
a variety of environmental factors that vary from one date to 
another. Additionally the analyses also indicated a 
significant difference between upstream and downstream 
concentrations of sulphate. A similar finding from the 
ANOVA run on the entire data set increases the strength of 
this result. 
When the ANOVA was run on the entire data set (Table 5), 
five significant differences between upstream and downstream 
chemical concentrations were detected. However, different 
wetlands and different sampling dates were grouped for these 
analyses such that significance levels should be viewed as 
approximate. This ANOVA does show some interesting results. 
Firstly, the results suggest a 1500% increase in manganese 
downstream from beaver-wetlands. However, the upstream 
concentrations for manganese maintain a range of o - 0.1 ppm, 
whereas the downstream concentrations fluctuate wildly with 
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little correlation to the upstream concentration. This could 
indicate that the downstream manganese concentrations are 
artifactual in nature. 
Also of interest are the other chemical parameters that 
showed significant differences expressed in Table 5. As 
mentioned above, examination of the appropriate figures 
(Figure 1 - 4) indicates a correlation between upstream and 
downstream concentrations throughout the summer sampling 
period. This might indicate significant removal of total 
solids, calcium, and sulphate by beaver wetlands. 
Tables 6, 7, and 8 present the results of multiple 
paired-T tests for each of the water quality parameters for 
wetlands two, five and six. Sixteen different parameters 
showed significant differences between upstream and 
downstream concentrations. The removal of calcium is 
suggested in all of the wetlands analyzed with this method. 
This finding is consistent with previous analyses performed 
on the entire data set. Also consistent with the other 
analyses performed are the suggestions that some of these 
wetlands remove solids and sulphate. The indication that 
arsenic and manganese are loaded into the water by wetlands 
is also supported by these analyses. In one of the wetlands 
(wetland 5) these tests suggested the removal of chloride and 
nitrate. The reduction in concentrations of nitrate by 
wetlands is supported by previous studies (Agovina, 1990; 
Bowmer, 1987; Breen, 1990; Brodrich et al., 1988; DeLaune et 
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al, 1986; Feeney et al., 1985; Gersberg et al., 1983 and 
1984; Grumbles, 1991; Hair, 1986; Johnston, 1990; Knight et 
al., 1987; Naiman et al., 1988; and Nichols, 1988), yet 
significant differences in nitrate concentrations were only 
found in one analysis and for one beaver-created wetland. 
This could be due to the fact that relatively few wetlands 
and sample repetitions were utilized during this study, or 
that the mechanism for removal of nitrate is absent in some 
beaver-created wetlands. 
The paired-t analyses of wetland 5 also indicated a 30% 
reduction in concentrations of sodium and 34% reduction of 
chloride from it's effluent. In urban and suburban areas, 
salt (sodium chloride) is often used to de-ice roadways and 
parking lots in the winter. This salt can accumulate and can 
be considered a pollutant in wetlands next to these winter-
sal ted areas (Conklin, pers. obs.). The suggestion that 
beaver-created wetlands could remove sodium and chloride from 
water is an important finding and these parameters should be 
examined in future studies. 
Additionally the paired-T analyses suggests the removal of 
magnesium, boron, barium, fluoride, and strontium. These 
findings are unique to this test, but due to the relatively 
small sample size, and low average removal rates (less than 
25% for these parameters) more research needs to be done in 
order to conclude that beaver wetlands filter these 
parameters from water. The paired-T analyses yielded 
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contradictory trends in bromide, with lower downstream 
concentrations in one wetland, and higher downstream 
concentrations in another. These results could have been 
due to random chance, and logically, no conclusion regarding 
the effects of beaver wetland on bromide can be made. 
The removal of solids suggested by the data is most 
likely due to the physical act of slowing water flow. The 
amount of suspended solids that the water can carry is 
directly proportional to the water flow rate. Therefore, as 
the water slows down as it flows through the wetland, some of 
the solids settle out. Solids can become a pollution problem 
if they occur at very high concentrations. This does not 
appear to be the case in beaver wetlands studies in DuPage 
county. Therefore, the reduction of total solids by beaver 
wetlands in DuPage County may not significantly improve water 
quality. 
The indication of reduction in concentrations of calcium 
(as represented by Figure 2 and supported by all analyses) by 
beaver wetlands might be caused by macrophyte and algal 
uptake or by a chemical chelation mechanism. Calcium rarely 
is found in high enough concentrations in lotic ecosystems to 
be considered a pollutant, and, due to the concentrations 
observed in this study, can not be considered a pollutant in 
the waters studied. For this reason, the apparent removal 
of calcium by beaver wetlands in most cases will not 
significantly alter water quality. 
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The removal of sulphate by beaver wetlands is suggested 
by the analyses performed on Data Subset 1, by the analyses 
performed on the entire data set, and by the paired-T tests. 
For the reasons mentioned above, it is concluded that beaver 
wetlands remove significant amounts of sulphate from water 
(this study found a removal rate of 25%). Sulphate is 
sometimes found in high enough concentrations to be viewed as 
a pollutant. However, the concentrations observed during 
this study are far below the EPA's limit of 250 ppm (Amended 
14 Ill. Reg 11979, effective 9 July 1990). Therefore, the 
removal of sulphate from the beaver wetlands studied will not 
significantly alter water quality. In areas where sulphate 
pollution occurs, beaver wetlands might remove significant 
quantities of sulphate and improve water quality. However, 
more research needs to be done to support this conclusion. 
Perhaps the most interesting result is the suggestion 
that arsenic concentration is increased in beaver wetland 
effluent (as represented by Figure 4). The concentrations of 
arsenic (downstream mean 0.05 ppm) observed in this study are 
below the EPA's limit of 1 ppm for natural waters (Added at 3 
Ill. Reg. 1901 effective 21 June 1979). Therefore, this 
potential loading of arsenic would not significantly affect 
water quality at the levels detected in this study. However, 
the suggestion that beaver wetlands somehow discharge arsenic 
into the water warrants further research to examine the 
validity of this possible affect and its associated 
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mechanism. 
overall, it does not appear from the results of this 
study that beaver-created wetlands dramatically improve or 
degrade water quality in DuPage County. Nevertheless, 
several interesting findings of this study should be further 
investigated in future studies. This study found reductions 
in solids, nitrate and sulphate from water exiting beaver-
created wetlands. These findings are consistent with 
previous literature. Possible new findings are the 
indications that beaver-created wetlands remove calcium, 
chloride, magnesium, boron, barium, fluoride and strontium; 
and that beaver-created wetlands may load arsenic an 
manganese. It is the belief of the author that further 
research concerning the effects that beaver-created wetlands 
have on these parameters should be conducted to validate 
these findings. 
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APPENDIX A 
LOCATIONS OF WETLANDS AND 
SITES SAMPLED 
-40-
McHenr\.I Co. 
\ 
Kane Co . 
.Kendall Co. 
Will Co 
,. lake Co. 
/ 
' 'DuPage Co. 
Figure Al.l. Location of DuPage County, Illinois. 
-41-
• Timber Ridge 
• Hidden lake 
Lemont Woods 
Figure Al.2. Location of Lemont woods, Hidden Lake, Timber 
Rid9e, and Waterfall Glen Forest Preserves in DuPage County, 
Illinois. Each contained at least one beaver-created wetland 
used in this study. 
-42-
-• 0 
2 
... 
I I 
,. = 112 5' 
~1u 
1d 
~  i WATERFALL GL~N L NATURE PRESERVE 
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Figure Al.3. Location of beaver-created wetland in Waterfall 
Glen forest preserve. Note that "lu" indicates location of 
upstream sample and "ld" indicates location and downstream 
sample of wetland 1. 
-43-
.J 
"C 
C\I 
-
.-z 
I 
I 
I 
I 
I 
I 
I 
__ ...... ,, 
I I 
I 
01 
u( o 
~~ () ~1§ 
I · 
L I 
---11 
ll 
I I 
·----' II 
~..._ _ - ---___ .... 11 
Figure Al.4. Location of beaver-created wetland in Lemont 
Woods forest preserve. Note that 11 2u 11 indicates location of 
upstream sample and "2d" indicates location and downstream 
sample of wetland 2. 
-44-' 
-------.. 
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Figure Al.5. Location of beaver-created wetland in Hidden 
Lake forest preserve. Note that "3u" indicates location of 
upstream sample and "3d'' indicates location and downstream 
sample for wetland 3; "4u" indicates location of upstream 
sample and "4d" indicates location of downstream sample of 
wetland 4. 
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Figure Al.6. Location of beaver-created wetland in Timber 
Ridge forest preserve. Note that "Su" indicates location of 
upstream sample and "Sd" indicates location and downstream 
sample for wetland S; "6u" indicates location of upstream 
sample and "6d" indicates location of downstream sample of 
wetland 6; and "7u" indicates location of upstream sample and 
"7d" indicates location of downstream sample of wetland 7. 
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APPENDIX B 
RESULTS OF WATER QUALITY 
TESTING 
KEY FOR APPENDIX B 
"--" = PARAMETER NOT ANALYZED 
"nd" = PARAMETER CONCENTRATION 
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